Wearable 3-axis accelerometers have been used to analyze kinetic data in patients with motor disability. We aimed to investigate whether the kinetic properties of turnover movements in bed are different between Parkinson's disease (PD) and hemiplegic stroke using accelerometer-based overnight monitoring. Patients with PD and hemiplegic stroke whose modified Rankin Scale (mRS) score ranged from 1 to 4 were prospectively enrolled. Patients were allocated to the slight disability group (mRS = 1 or 2) and moderate disability group (mRS = 3 or 4). In total, 45 PD patients and 39 hemiplegic stroke patients were enrolled. Total number of turnover movements in bed was similar between the PD and hemiplegic stroke patients. However, the number of turnovers to the affected side was higher in the hemiplegic stroke patients (p = 0.013). Directional preponderance in turnover movement was observed in hemiplegic stroke patients (p = 0.004). Among the hemiplegic stroke patients, all kinetic properties were significantly different between patients with slight disability and moderate disability, but not in the PD patients. Interaction of disease type, i.e.. PD or hemiplegic stroke, on the difference in number of turnover movements between slight and moderate disability was significant (p = 0.003). Our study showed that patients with hemiplegic stroke, but not PD, tend to rotate to their affected side when turning over. Estimation of night time motor disability by mRS scores, i.e.. daytime disability, may be feasible in hemiplegic stroke but not in PD. Thus accelerometer-based overnight kinetic analysis is needed to evaluate night time disability in PD.
Introduction
A wide range of neurological diseases may result in motor impairment. Because of the lack of methods to evaluate motor function during sleep, night time disability has not been fully elucidated or its severity has only been estimated based on the daytime motor impairment as evaluated by disease-specific clinimetric scales 1)2) . Recently, wearable threeaxis accelerometers have become available to analyze kinetic data of overnight movements [3] [4] [5] [6] [7] [8] . Previously, we reported the clinical utility of overnight monitoring of turnover movements in bed for patients with Parkinson's disease (PD) 3)4) . Quantitative assessment of overnight kinetic parameters can be performed by this sensor-based monitoring method and may be used to elucidate characteristics of kinetic properties in different neurological diseases. We aimed to investigate whether the kinetic properties of nocturnal motor disability are different between PD and hemiplegic stroke using accelerometer-based overnight monitoring.
Materials and Methods
This study was designed as a single-hospital observational analysis of the disease-specific nature of difficulty in turning over in bed in patients with PD and hemiplegic stroke. The Bioethics Committee of St. Marianna University School of Medicine approved all study protocols (approval no. 2487).
Study population
Patients with PD and hemiplegic stroke were prospectively enrolled between April 1, 2013 and January 31, 2018. Activities of daily living were assessed in all patients using the modified Rankin Scale (mRS) 9) and the Barthel Index (BI) 10) . Patients with no symptoms (mRS score = 0) and bedridden patients with severe disability (mRS score = 5) were excluded. The plan was to evenly allocate the number of patients with slight (mRS score = 1 or 2) and moderate disability (mRS score = 3 or 4) to the PD group and the hemiplegic stroke group. All patients were >18 years old. Informed consent to participate in the investigation was obtained from all patients prior to initiation of the study. PD was diagnosed by the UK Parkinson Disease Society Brain Bank diagnostic criteria 11) . All hemiplegic stroke patients were diagnosed by brain MRI. No restrictions were placed on subtypes of stroke or severity of hemiplegia. Patients with the following were excluded: 1) serious concurrent disease such as severe inflammatory disease (white blood cell count >1.0 ×10 4 mm 3 ; C-reactive protein >3.0 mg/dL); 2) hallucinations or delusions; 3) dementia (Mini-Mental State Examination [MMSE] <16); 4) disturbance of consciousness; and 5) intravenous tubing or nasal tubing. No changes in treatment for PD and stroke were allowed for at least 2 weeks before study entry. In patients with PD, the maximal values for items 22 through 26 (measures of bradykinesia and rigidity) of the motor subset of the Unified Parkinson's Disease Rating Scale (UPDRS part III) 1) were used to assess the predominant side of bradykinesia and rigidity. The more affected side was determined to be the affected side in PD patients when there was a ≥2-point difference between the item with the highest score on the more affected body side and the contralateral item 12) . Thus, the dominantly affected side of the PD patients was classified as right, left, or no laterality.
Clinical data collection
Demographic data, including past history, comorbidities, and medical treatment including the use of sleeping pills were recorded. Activities of daily living (ADL) were evaluated by the mRS and BI in all patients. In addition to these scales, other diseasespecific rating scores were evaluated: the Hoehn and Yahr scale (H&Y) score 13) and the UPDRS score 1) for the PD patients, and the NIH Stroke Scale (NIHSS) score 2) for the stroke patients. Based on clinical data including neuroimaging data, the stroke subtype at entry was diagnosed according to the Trial of ORG 10172 in Acute Stroke Treatment classification 14) . Overnight accelerometric monitoring of turnover movements in bed was performed during hospital admission using the methods described elsewhere 3)4) . In brief, a wearable motion recorder (75 mm × 50 mm × 20 mm, 120 g) equipped with three-axis acceleration sensors (Mimamori-Gait System, MG-M1110-HW; LSI Medience, Tokyo, Japan) was fixed on the center of the abdomen at the navel using a special belt. Three-axis acceleration data were collected at 100 Hz and stored serially in the micro Secure Digital memory card of the recorder through A/D conversion. All patients were monitored for 10 h from 21:00 to 07:00 the next day, and the data were analyzed offline using commercially available software (MG-M1100-PC; LSI Medience). Typical overnight monitoring charts are shown in Figure 1 . Turnover movements in bed were defined as movements simultaneously registering acceleration along the three axes as follows: ≥0.58 G for the X axis; ≤0.32 G for the Y axis; and ≥0.20 G for the Z axis. These cut-off values were derived based on a 95% confidence interval to detect patient rotations of ≥30° around the center of the anteroposterior axis as turnover movements in bed. Accordingly, turnover movements with angles of rotation <30° were not regarded as turnover movements in bed. Turnover movements in bed can thus be counted based on the typical turnover movements followed by a stable period 3)4) . The graphic patterns can be useful to determine the direction of the turnover movements (Figure 2 (A), (B)). Other nocturnal kinetic parameters used in this study were 1) total time recumbent (Y axis value < 0.32 G); 2) total time supine (Y axis value < 0.32 G and 0.8 G < Z axis value < 1.0 G); 3) mean interval between turnover movements; and 4) direction of a turnover movement. Regarding the direction of turnover movement, rolling to the right side and to the left side around the Y axis were counted. In stroke patients and PD patients with definite laterality in bradykinesia-rigidity, the direction of turnover movement was expressed as ipsilateral and contralateral to the affected side.
Statistical analyses
Characteristics of the patients are given as means and standard deviation (SD) unless otherwise indicated. Unpaired Student t-tests were used to com-Acceleration Time Figure 1 . Overnight monitoring chart. Variations in acceleration along the X, Y, and Z axes are represented by red, blue, and green lines, respectively. As a turnover movement in bed is a movement around the Y axis, acceleration in the Y axis direction remains essentially zero (blue line). The number of turnover movements (▽) and the interval of turnovers (↔) were measured on the overnight monitoring chart by expanding the time axis. The direction of turning around the Y axis can be easily determined by the pattern of deflections of red and green lines. Ten turnover movements were recorded from 01:00 to 02:30 in this case.
pare continuous variables, and χ 2 tests were used for nominal parameters. The Mann-Whitney test was used for data that were not normally distributed. Analysis of variance (ANOVA) was used to test the significance of the difference in disease on the nature of turning over in bed. Values of p < 0.05 were considered significant. All statistical analyses were performed using SPSS version 21 (IBM SPSS Statistics for Windows; IBM Corp, Armonk, NY).
Results
In total, 84 patients, comprising 45 PD patients and 39 hemiplegic stroke patients, were enrolled between April 1, 2013 and January 31, 2018. Overnight monitoring of turnover movements using a wearable three-axis accelerometer was performed in all patients. However, due to battery depletion, overnight data storage was insufficient in 2 patients with hemiplegic stroke, and these data were discarded. Thus, the data of 45 PD patients (mean age, 73.6 ± 7.6 years) and 37 hemiplegic stroke patients (mean age, 69.6 ± 11.1 years) were analyzed. The predominant side of bradykinesia-rigidity in the PD patients was the right side in 25, the left side in 15, and no laterality in 5. The 37 hemiplegic stroke patients included 20 patients with right hemiplegia and 17 patients with left hemiplegia. Patients' characteristics were not significantly different between the PD patients and hemiplegic stroke patients, except for the BI (p = 0.009), as shown in Table 1 .
Kinetic properties of turnover movement in PD and hemiplegic stroke
The total number and interval of turnover movements, time spent in a recumbent position in bed, and time spent in a supine position in bed were similar between the PD and hemiplegic stroke patients (Table 2). However, the number of turnovers to the unaffected side was higher in the hemiplegic stroke patients (p = 0.013), and the ratio between the number of affected side rotations and unaffected side rotations was significantly different between the PD and hemiplegic stroke patients (0.53 ± 0.16 and 0.41 ± 0.17, p = 0.005). Correlations between clinimetric scores and kinetic parameters of turnover movements in the PD and hemiplegic stroke patients are shown in Tables 3 and 4. In the PD patients, the total number of turnover movements and the interval of turnover movements were significantly correlated with the BI, mRS score, total UPDRS score, UPDRS part 3 subscore, and the H&Y score. The total time in the recumbent position and the total time in the supine po-sition were also correlated with the BI. Although these correlations were significant, the values of the correlation coefficients were relatively low. Similarly, the total number of turnover movements and the interval of turnover movements were significantly correlated with the BI, mRS score, total NIHSS score, NIHSS Item 5 subscore, and NIHSS Item 6 subscore in the hemiplegic stroke patients. Compared to those of the PD patients, the absolute values of these correlation coefficients were relatively high, ranging from 0.526 to 0.711 (p < 0.001). The total time in the recumbent position was also correlated with these clinimetric scores, with absolute values of the correlation coefficients ranging from 0.490 to 0.613 (p < 0.001).
The kinetic properties of overnight turnover movements were compared between slight disability (mRS score = 1, 2) and moderate disability (mRS score = 3, 4). As shown in Table 5 , all kinetic properties in the hemiplegic stroke patients were significantly different between the patients with slight disability and moderate disability. In the PD patients, no significant difference was observed between the patients with slight versus moderate disability. A scatter plot of the number of turnovers in the PD and hemiplegic stroke patients is shown in Figure 3 . The interaction of disease type, i.e., PD or hemiplegic stroke, was significant (p = 0.003, ANOVA). The number of turnovers by affected side rotation was subtracted from the number of turnovers by unaffected side rotation, and the result was plotted against the total number of overnight turnover movements (Figure 4) . Unaffected side dominant rotation ([unaffected side rotation -affected side rotation] > 0) was observed in only 5 hemiplegic stroke patients (13.5%) and 12 PD patients (30%). Directional preponderance was observed in the hemiplegic stroke patients (p = 0.004).
Discussion
Significant differences in nocturnal kinetic parameters between slight disability (mRS score = 1, 2) and moderate disability (mRS score = 3, 4) were observed in the hemiplegic stroke patients, but not in the PD patients (Table 5 and Figure 3) . The interaction of the disease, i.e., PD or stroke, with the number of overnight turnover movements between slight and moderate disability was also significant (Figure 3) . The number of turnover movements in the PD patients was significantly correlated with ADL scores such as the BI score and the mRS score, but their correlation coefficients were only 0.365 and -0.342, respectively. It is reasonable to assume that the greater the restriction of ADL observed during the daytime, the more severe the nocturnal motor disability. However, the present results suggest that this concept may not be applicable in all types of diseases. In contrast to the PD patients, the correlation coefficients of the BI score and the mRS score to the number of turnover movements were highly significant at 0.704 and -0.603, respectively. Taken together, these results suggest that accelerometer-based monitoring is specifically needed in PD patients to evaluate night-time motor disability.
The disease-specific differences shown in the present study may result from the differences in deficits of the contralateral extremities and the patients' ability to rotate around the body axis 16) . The motor function of the side contralateral to the hemiplegic stroke is usually normal. However, PD is a systemic disease, and motor function of the non-dominant side may not be normal, even in patients exhibiting laterality of bradykinesia and rigidity. It is well known that body rotation while walking is impaired in PD patients. Vaugoyeau et al. showed impairment of axial body rotation in advanced PD by kinematic analyses using an image-processing system 16) . Rotation around the body axis could also be compromised even in clinically normal hereditary PD. Mirelman et al. showed abnormalities in arm swing asymmetry and smoothness of axial rotation in asymptomatic carriers of the LRRK2-G2019S mutation using synchronized 3-axis body-fit sensors 15) .
The disease-specific difference in turnover movement observed in the PD and hemiplegic stroke patients may also be the result of PD treatment. Anti-Parkinson's drugs are usually prescribed to alleviate daytime motor symptoms. Our accelerometer-based overnight monitoring of nocturnal movement disorders could be used in future randomized studies to elucidate the effect of anti-Parkinson's drugs on night time motor disability. To the best of our knowledge, the present study is the first to show a directional preponderance to the affected side in turnover movements in patients with hemiplegic stroke. Turnover movements in bed generally involve elevation of the upper limbs and their movement towards the shoulder, movements of the head and trunk, and raising of one leg 17) , and a variety of combinations of movement patterns of the different body regions can exist. In hemiplegic stroke patients, pushing the floor with the unaffected foot may be the most effective maneuver because of the severe laterality in the deficits.
The present study has several limitations. First, selection bias cannot be excluded because this was a single-center, observational study. Second, inter-rater agreement and test-retest variability of the overnight monitoring method were previously confirmed, but age-adjusted normal values of the kinetic parameters were not available. Thus, the patients with abnormally low numbers of turnover movements in each group were not identified. However, this would not affect the results. Third, the clinical impact of a reduced number of overnight turnovers remains unclear, but accelerometer-based overnight monitoring may be a promising method to answer this unsolved clinical question. 
